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Introduction
Passive optical networks (PONs) have been deployed as fiber-to-the-home (FTTH) communication infrastructures. PONs have the advantage that broadband Internet services can be provided at a low cost. The Ethernet PON (EPON), which is a timedivision-multiplexing (TDM)-PON, consists of an optical line terminal (OLT), a power splitter, and multiple optical network units (ONUs) . The OLT is located at a central office. The ONUs are installed on customer premises.
The increase of power consumption in optical access networks is an important issue. The power-saving mechanisms for ONUs in EPON systems, e.g. TRx sleep mode or cyclic sleep mechanism, were specified by IEEE 1904.1 [1] . The cyclic sleep mechanism disables both the transmitter and receiver of the ONU during the sleep state. It is also important to balance the quality of service (QoS) and energy efficiency from the viewpoint of service diversification [2, 3] . Some researchers proposed delay-aware ONU cyclic sleep controllers in EPON systems. Maneyama et al. [4] proposed a delay-aware cyclic sleep controller to reduce the power consumption in ONUs on the basis of feedback control techniques. In addition, we proposed a proportional-integral-derivative (PID)-based cyclic sleep controller with an anti-windup technique to maintain the average downstream queueing delay in the OLT at a constant level and to reduce ONU power consumption [5] . However, conventional PID-based controllers generate errors between a target queueing delay and an actual delay because of the nonlinear characteristics of the cyclic sleep mechanism.
This letter proposes a feedback controller with a disturbance observer (DOB) that includes a linearized cyclic sleep model to improve the QoS in terms of the average downstream queueing delay. The DOB estimates the variations in queue length (QL) in the OLT downstream buffer caused by the ONU cyclic sleep mechanism on the basis of the linearized model. Specifically, the DOB calculates and compensates the variation as an equivalent disturbance in the dimension of the sleep period. Simulations confirm that the proposed DOB-based controller can reduce the error effectively compared with a conventional PID-based controller.
ONU power-saving mechanism
The ONU power-saving mechanism is illustrated in Fig. 1 . A system configuration of the EPON system is shown in Fig. 1(a) , and a block diagram of the delay-aware ONU cyclic sleep control system is shown in Fig. 1(b) . The OLT has a downstream traffic monitor and cyclic sleep controller. The OLT notifies the ONU of sleep period T s and makes the ONU enter the sleep state. The ONU enters the sleep state during sleep period T s . T qd , the information of the target queueing delay requested by executed applications, is sent from the ONU to the OLT in advance.
The downstream traffic monitor in the OLT measures the downstream QL q out and the average downstream frame arrival rate λ. The cyclic sleep controller calculates the target QL q cmd as
The cyclic sleep controller calculates the sleep period T s from q cmd and q out . First, the average downstream QL q ave is calculated from q out by using an exponential moving average. Then, the error signal between q cmd and q ave is given by
The temporal sleep period T s;tmp , calculated from the error signal e by the cyclic sleep controller described in the following sections, is input into the sleep period limit. The relationship between T s;tmp and T s is expressed as 
where T s;min and T s;max denote the minimum sleep period and the maximum sleep period, respectively.
Conventional PID-based controller
The PID-based controller with an anti-windup technique [5] determines the temporal sleep period T s;tmp as
where s, K p , K i , and K d denote the Laplace operator, proportional gain, integral gain, and derivative gain, respectively. The PID-based controller can maintain the average queueing delay in the OLT at a constant level regardless of the amount of downstream traffic. However, it generates an error between the target queueing delay and actual delay. 
where T s0 and M n denote the equilibrium point and nominal model of the cyclic sleep mechanism, respectively. The proposed DOB-based controller is illustrated in Fig. 2 . Fig. 2 (a) shows a block diagram of the entire control system, and Fig. 2(b) shows the internal structure of the DOB. The DOB-based controller adopts a proportional (P) controller with proportional gain K p as a feedback controller. The DOB estimates the variation of QL in the OLT downstream buffer caused by the cyclic sleep mechanism on the basis of the linearized model, i.e. (8) and (9). The variation can be estimated as the disturbance d in the dimension of the sleep period, which is given by
where g dis , M, and d limit denote the cut-off frequency of the DOB, actual dynamics of the cyclic sleep mechanism, and disturbance caused by the sleep period limit, respectively. The DOB estimates the QL variation through the low-pass filter to reduce the effect of noise. In the proposed DOB-based controller, the temporary sleep period T s;tmp is calculated as
Performance evaluation
Simulations were performed to compare the conventional PID-based and proposed DOB-based controllers. We assumed that the controllers were implemented in a 10-Gbps EPON (10G-EPON) OLT. In the simulations, the cyclic sleep controller calculated the average QL at time k, q ave ½k, as
where α is a smoothing factor. The distance between the OLT and ONU was set to 20 km. The transition time from the sleep state to the active state was set to 10 ms. The minimum sleep period T s;min , smoothing factor α, and the cut-off frequency g dis were set to 10 ms, 0.2, and 100 rad/s, respectively. In the PID-based controller, K p , K i , and K d were set to 8:0 Â 10 À7 , 1:0 Â 10 À12 , and 1:9 Â 10 À1 , respectively. In the DOB-based controller,
, and T a were set to 1:0 Â 10 5 , 9:0 Â 10 5 , 0, and 10 ms, respectively. The simulations were performed under the following three conditions: in cases 1, 2, and 3, the parameters ðT s;max ; T qd Þ were set to (20 ms, 10 ms), (40 ms, 20 ms), and (80 ms, 40 ms), respectively. We assumed that there was only downstream traffic whose arrival rate followed the Poisson distribution. The frame size was set to 1250 bytes.
The simulation results are shown in Fig. 3 . The average downstream queueing delay in the OLT is shown in Fig. 3(a) . In all the cases, the PID-based controller maintained the average queueing delay at a constant level regardless of the amount of downstream traffic. However, the PID-based controller generated an error between the target queueing delay and actual delay. The DOB-based controller reduced the error compared with the PID-based controller. The time occupancy of active periods of an ONU is shown in Fig. 3(b) . It was confirmed that the DOBbased controller provided power-saving performance that was similar to that of the PID-based controller. This letter proposed a feedback controller with a DOB that includes a linearized cyclic sleep model to improve the QoS in terms of the average downstream queueing delay. The simulation results showed that the proposed DOB-based controller reduced errors between the target queueing delay and the actual delay compared with a conventional PID-based controller. 
Introduction
The research and development activities on wireless communication technologies are rapidly growing, not only for open space applications, but also for closed space applications [1, 2, 3] . The propagations and distributions of electric fields in closed space are more complicated than those in open space, but it is expected that those research and development will pioneer novel application fields on wireless communications. However, the problems for closed space wireless communications are not only electric field propagations, but also antenna characteristics. It is known that the antenna impedances are strongly influenced by the near object (especially metal), so the near-metal-insensitive antennas are strongly required for closed space wireless communications [4, 5] .
In this Letter, therefore, we introduce fundamental study on near-metal-insensitive antenna, by employing U-shaped folded monopole antenna (UFMA) with ground plane (GP) [6] . UFMA is a modified folded monopole antenna, so the basic impedance characteristics are depends on step up ratio [7, 8, 9 ], that will be defined in Section 3.
The impedance characteristics of UFMAs are investigated in detail when metal object approaches and step up ratio is controlled in order to enhance near-metalinsensitive characteristics. In addition to simulated results [10], measured results will be shown and compared.
Antenna structures
The structure of investigated UFMA is shown in Fig. 1(a) . The antenna element is composed of two parallel metal strips with widths w a1 and w a2 . Two strips are short-connected by metal strips with width w a3 and length s a , at one side.
At the other side, one strip with width w a1 is connected to GP and the other strip with width w a2 is connected to feed point. The total length of two metal strips is l a þ h, and they are folded to keep low profile antenna with height h. The antenna impedance can be changed by step up ratio. The parameter values shown in Fig. 1(a) are selected in order to obtain VSWR 3 at 2.4 GHz with bandwidth 10 MHz, when there is no infinite plane.
The antenna element is placed on the GP (50 mm Â 80 mm), which models printed circuit board of electronic control unit. Therefore, considering the mounting space and the layout flexibility of electronic components, the placement of the antenna elements is preferably the edge of GP.
We assumed installation image of UFMA is shown in Fig. 1(b) . The infinite plane (perfect conductor) of Fig. 1(a) , which models metal wall of closed space, is located in parallel to GP. The distance between GP and infinite plane is defined as hgp, and changed in order to investigate the near-metal-insensitive characteristics of the antenna.
Impedance characteristic [7]
The input impedance characteristics of the UFMA are investigated in this chapter, when hgp values are changed. The simulated results using FEKO simulation, based on method of moment and measured results are shown and compared. For the measurement, Cu plane with size 400 mm Â 635 mm is placed near the antenna, instead of infinite plane for simulation. The input impedance of the folded monopole antenna Z is expressed by equation (1) .
Where Z m is impedance of the monopole antenna (Z m ¼ 9:2 Ω, in case of Fig. 1(a) ), ð1 þ aÞ 2 is step up ratio. The a value is obtained from (2) and (3). 
Where the w a1 , w a2 , and s a are indicated in Fig. 1(a) . The step up ratio is determined by w a1 , w a2 , and s a .
Middle impedance model
The UFMA with parameter values shown in Fig. 1(a) is referred to as middle impedance model (MIM), as it is designed to obtain 37 Ω at 2.4 GHz when there is no infinite plane (hgp ¼ 1). In MIM, the step up ratio value calculated from equations (1)- (3) So we can say that this is the influence of the infinite plane coming close to parallel with the horizontal element of length l a and the radiation resistance is reduced due to the generation of the image current. Therefore, we expect that, if we can obtain higher antenna impedance by adjusting step up ratio, the reduced impedance will be cancelled and the antenna will be more near-metal-insensitive than MIM.
High impedance model
In order to obtain higher antenna impedance, we changed parameters shown in Fig. 1(a) . w a1 ¼ 2 mm and w a2 ¼ 0:2 mm are selected to obtain higher step up ratio. l a ¼ 26 mm is selected for frequency adjustment, but other parameters are not changed from Fig. 1(a) , and the antenna is referred to as higher impedance model (HIM). In HIM, the step up ratio value calculated from equations (1)- (3) is 13.8 [7] , and the impedance value is 126 Ω at 2.4 GHz when there is no infinite plane (hgp ¼ 1). Fig. 2(c) and (d) show the VSWRs and Smith Charts of simulated and measured of HIM. Fig. 2(c) shows that the antenna impedance of HIM is higher than that of MIM, but VSWR 3 is satisfied when hgp ¼ 16 mm. Fig. 2(d) shows that antenna impedance with hgp ¼ 4 mm is lower than that with hgp ¼ 16 mm, as are observed in Fig. 2(a) and (b) . However, due to higher impedance with hgp ¼ 1, VSWR 3 is satisfied even when hgp ¼ 4 mm. Regarding the bandwidth, HIM became narrower than that of MIM.
The simulated and measured VSWR values vs. hgp values at 2.4 GHz are summarized in Fig. 2(e) . We can say that, in order to obtain VSWR 3, hgp ! 5 mm is necessary for MIM. However, hgp ! 2 mm is acceptable for HIM. HIM is more robust against nearby metal than MIM.
Radiation characteristics
The simulated and measured radiation patterns of UFMAs in H-plane at 2.4 GHz, when hgp ¼ 4 mm, 16 mm are shown in Fig. 3. Fig. 3(a) and (b) is xz-plane radiation patterns for MIM and Fig. 3(c) and (d) is xz-plane radiation patterns for HIM, respectively. The definitions of x/y/z axes are shown inset, and maximum radiation is observed toward 0 or +30 degree. Fig. 3(e) shows the simulated and measured antenna gains of maximum radiation direction vs. hgp values at 2.4 GHz. We can say that the antenna gain of HIM is greater than that of MIM in hgp 6 mm. The difference of antenna gain between MIM and HIM is the 3 dB at maximum in hgp 6 mm. We investigated impedance characteristics of UFMA, in order to obtain near-metalinsensitive antenna for closed-space wireless communications. The simulated and measured results show that the antenna impedance changes to small value when metal plane approaches. To encounter this problem, we proposed higher impedance model by selecting step up ratio. The limitation value in order to obtain VSWR 3 is 5 mm for the conventional MIM and 2 mm for the proposed HIM, respectively. The simulated and measured results show that the antenna gains of HIM are 3 dB greater at maximum than those of MIM. 
Introduction
Orthogonal Frequency Division Multiplexing (OFDM) is adopted as a modulation scheme in the terrestrial digital TV broadcasting in Japan (ISDB-T). However, the communication quality is seriously deteriorated at the high speed mobile reception (Ex. vehicle), running in a radio environment that the delayed wave exceeding guard interval or running extremely high speed. Furthermore, most of the mobile reception system, 4 antennas are mounted on a vehicle (Front: 2 antennas, Rear: 2 antennas) and array signal processing techniques is adopted to improve the reception quality. The authors proposed a combining system and proved that our combing method has better performances than the conventional system [1, 2] . To improve the performance further, the authors proposed a new combing method (Incoming waves separating system by adaptive array antenna) [3] . In ref. [3] , the performance of the new combining method is evaluated in case of Omni-directional antennas, however, the directional pattern of antennas mounted on the vehicles are different in either front or rear side. In this paper, the performances in case of 4 directional antennas are evaluated. Furthermore the performance in more complicated environment is evaluated. From experimental results, it is clarified that the BER performances of the proposed system are superior to the conventional system.
System configurations

Antenna mounted on vehicles
In this paper, we suppose that 4 antennas are mounted on a vehicle where two antennas are mounted in front side and rear side, respectively. The top view of the antenna location on the vehicle is shown in Fig. 1(a) , and the directional patterns of the front side and rear side antennas are shown in Fig. 1(b) . F/B (Front/ Back) ratio for each antenna is defined as shown in Fig. 1(b) . Fig. 1(c) shows the block diagram of the proposed system. The signals received by the antennas are combined independently in the front side and the rear side of the vehicle. At Main process, received signal by both antenna elements is combined based on Minimum Mean Square Error (MMSE), and then largest arrival signal (usually the 1st arrival signal) is remained. At Sub process, the largest arrival signal is suppressed firstly by Power Inversion (PI) algorithm. Therefore 2nd largest signal (usually 2nd arrival signal) is remained by MMSE.
Proposed combining system
Similar process is conducted for rear side antennas. performance is evaluated in a 2-arrival wave environment as shown in Fig. 2 . Distance of 4 antennas mounted on the vehicle are dx ¼ dy ¼ 0:5 as shown in Fig. 1(a) . The F/B ratios of antennas are 0 dB and 10 dB. The desired signal and undesired signal power ratio (D/U) is 3 dB. The delay time between the desired signal to the undesired signal is 21 ð1=6 Ã GIÞ À 399 ð19=6 Ã GIÞ [µs]. Fig. 3 shows the BER performances of the proposed system and the 4FFT system. Fig. 3(a) shows the BER performances when F/B ratio = 0 dB (Omni-directional), Fig. 3(b) shows the BER performances when F/B ratio = 10 dB (antennas are mounted on a vehicle). In this experiment, we evaluated the Pre-Viterbi BER performances, therefore the criteria of BER performances is 2:0 Ã 10 À2 (Error Free at Post-RS coding).
Experimental results
(1) Comparison of combining system When the delay time is large, the BER performance of the proposed system is superior to that of the 4FFT system. Especially, the BER performance degradation of the proposed system is very small even if the delay time is large. The reasons are that the proposed system perform adaptive array (Beam-forming for only desired signal, and null-steering to undesired signals.) independently in the front side and the rear side of the vehicle, and the 2nd largest signal is combined by Sub process as also desired signal.
(2) Comparison of F/B ratio When F/B ratio = 0 dB and 10 dB, the BER performances has the same tendency. Therefore it can be considered that there is no effect from the directional patterns of the 4 mounted antennas.
(3) Comparison of environment At the 2 waves environment like this paper, these BER performances are the similar. 
Conclusion
The BER performances of proposed system (Incoming waves separating system) was compared with that of 4FFT system (Post-FFT carrier diversity) as a conventional system. From the experimental result, it was proved that the BER performance of the proposed system was superior when the OFDM signals arrive with delay exceeding the Guard Interval length even if the 4 directional antennas are mounted on a vehicle. The reason is that the proposed system perform adaptive array independently in the front side and the rear side of the vehicle. 
